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1 /  INTRODUCTION
I n  view  of th e  com plex ity  and th e  g r e a t  v a r i e t y  o f d a ta  
tr a n s m is s io n  netw orka / e . g .  d a ta  b an k s, tim e —sh a rin g  sy s te m s , e t c . /  
and  the  s to c h a s t ic  n a tu r e  of t h e i r  in fo rm a tio n  flo w , i t  i s  d e s i r a ­
b l e  to  use  s im u la tio n  i n  o rd er t o  g e t some in fo rm a tio n  i n  advance 
on t h e i r  p e r f  ormance [1] , [2 ] . I n  t h i s  p ap e r we would l i k e  to  de­
s c r ib e  th e  d e s ig n  p h ilo so p h y  o f a  s im u la tio n  system  w hich  i s  a p p l i ­
c ab le  to  th e s e  netw orks g e n e ra lly  and to  p r e s e n t  some r e s u l t s  o f 
i t s  a p p l ic a t io n .
2 /  THE STRUCTURE OF THE SIMULATION SYSTEM
C o n sid e rin g  th e  wide v a r i e t y  of d a ta  netw orks [3 ] used f o r  
t e le p r o c e s s in g  w ith  r e g a r d  to  th e  to p o lo g y , e lem en ts  in v o lv e d  and 
t a s k s  to  be so lv ed , i t  seems re a so n a b le  to  c o n s tru c t  a  s im u la tio n  
system  on th e  b a s is  o f  modular program  seg m en ts . By l i n k in g  th e  seg ­
m ents a s im u la tin g  p rogram  f o r  a  p a r t i c u l a r  c o n f ig u ra t io n  can be 
assem bled . O bviously  th e  program h a s  to  d e s c r ib e  the  c o n f ig u ra t io n  
u n d e r in v e s t ig a t io n ,  i . e .  the  o u t la y  of th e  whole n e tw o rk , and i t s  
e lem en ts , t h e i r  to p o lo g ic a l  l o c a t io n ,  and th e  p ro ced u res  ta k in g  
p la c e  in  th e  netw ork w hich  a f f e c t  th e  in fo rm a tio n  flow  i t s e l f  /com­
mands re g a rd in g  p r i o r i t i e s ,  queu ein g  e t c . / .  The d e s c r ip t io n  has t o  
be  such t h a t  i t  p ro v id e s  f o r  th e  co n n ec tio n  and  i n t e r a c t i o n  of th e  
component p a r t s .  [4]
C o n s id e ra tio n s  based on  th e  netw ork  to p o lo g y
The g e n e r a l iz e d  o u tlay  o f  th e  netw ork  can be s e e n  in  F ig .
1 a .  From t h i s  i t  i s  c l e a r  th a t :
a /  th e  m u lt ip o in t  d a ta  l i n k  /o n  th e  r i g h t  lo w er p a r t  of 
th e  f i g u r e /  can be s u b s t i t u t e d  b y  a  s in g le  compound 
te rm in a l /m arked  w ith  d o tte d  l i n e /  w ith  r e s p e c t  to  th e  
netw ork , assum ing t h a t  th e  " in n e r  l i f e "  o f t h i s  n e t­
work s e c t io n  w i l l  be a d d i t i o n a l ly  d e sc r ib e d  by sim ula­
t i o n .  T h is  r e s u l t s  in  a  r e d u c tio n  o f the  u n ifo rm  con- 
f i g o r a t i o n  t o  be h a n d le d .
2Ъ/ th e  whole reduced  netw ork  can he b u i l t  fro m  b a s ic  n e t ­
work m odules shown i n  F ig . l b .
с /  any netw ork  c o n s i t s  o f the  fo llo w in g  f o u r  e lem en ts :
-  d a ta  tra n s m is s io n  ch an n e ls ,
-  to p o lo g ic a l  node f a c i l i t i e s ,
-  d a ta  te rm in a ls ,
-  p ro c e d u re s  /com m unication  s o f tw a re / .
M odular seg m en ta tio n  o f the  s im u la t io n  system
I n  o rd e r  t o  g e t a  f l e x i b l e  system  which e n a b le s  us t o  sim ula­
t e  v a r io u s  c o n f ig u ra t io n s ,  i t s  e lem en ts a r e  d e sc r ib e d  by  s e p a ra te  sub­
ro u tin e  f u n c t io n s .  The in d ep en d en t v a r i a b le s  of th e s e  fu n c tio n s  a re  
o b ta in e d  a s  th e  co rre sp o n d in g  o u tp u t v a lu e s  from th e  s u b ro u tin e s  o f 
th e  to p o lo g ic a l ly  n e ig h b o u rin g  e lem en ts , an d  v ic e  v e r s a .  The communi­
c a t io n  netw ork so ftw a re  s u b ro u tin e  i s  i n  a  s p e c ia l  p o .s i t io n , s in c e  
in  th e  s im u la t io n  system  i t  h a s  d i r e c t  com m unication w ith  e v e ry  e lem en t. 
The pseudotim e o f th e  p ro cess  i s  an in p u t  v a r ia b le  t o  th e  e lem en t 
s u b ro u t in e s .  The su b ro u tin e s  have to  p ro v id e  f o r  check  p o in ts  a t  which 
th e  w hole program  can c o l l e c t  th e  in fo rm a tio n  r e q u i r e d  f o r  e v a lu a t in g  
th e  r e s u l t s  o f th e  s im u la tio n . The d e te rm in a tio n  o f th e  i n t e r a c t in g  
v a r ia b le s  in  a p a r t i c u l a r  case  i s  v e ry  s im p le , in  accordance  w ith  
s ta te m e n t b / .
U sing an  a d d i t io n a l  program  segm ent which i s  based on th e  
e v a lu a t io n s ,  i t  i s  easy  to  a l t e r  p a r t i c u l a r  e lem en ts  o r  t h e i r  g iv e n  
p a ra m e te rs , and by  r e p e t i t i o n  o f  t h i s  p ro c e s s  we may sy n th e s iz e  th e  
optimum s o lu t io n  w ith  r e s p e c t  t o  p r e s c r ib e d  a s p e c ts .
The o v e r a l l  o u tla y  o f  th e  s im u la t in g  program  can be s e e n  
in  F ig .  2 , w h ile  th e  flow  d iag ram  f o r  th e  o u tpu t fu n c t io n - g e n e r a t in g  
p a r t  a t  th e  r e c e iv in g  end o f a  synchronous d e c is io n  fe e d b a c k - ty p e  
d a ta  tr a n s m is s io n  channel i s  shown in  T ig .  3 . The b lo c k  e r r o r  d i s t r i ­
b u tio n  i n  th e  ch an n e l i s  assúm ed to  fo l lo w  the  P o is s o n  d i s t r i b u t i o n  
law .
3 /  INVESTIGATIONS ON THE BUFFER MEMORY OF A CONCENTRATOR TYPE NOBE
Study o f  th e  in fo rm a tio n  flow  i n  the  nodes o f  the  netw ork  
i s  o f p a r t i c u l a r  im p o rtan ce . We have in v e s t ig a te d  t h e  d i s t r i b u t i o n  
o f th e  b u f f e r  memory c o n te n ts  o f  a c o n c e n tra to r - ty p e  node u s in g  th e  
b a s ic  ne tw ork  module of th e  s im u la tio n  system .
3The number o f  Inpu t phannele  v a r i e d  from 1 t o  8 u s in g  e q u a l 
nom inal t r a n s f e r  r a t e s .  The c h an n e ls  were assumed to  be o p e ra t in g  
acco rd in g  to  th e  " d e c is io n  feed b ack "  p r i n c i p l e ,  as  shown in  F ig .  3 | 
i . e .  th e y  were d e s c r ib e d  by f i r s t  o rd e r Markov p ro c e s s e s .  The e r r o r  
p r o b a b i l i t i e s  in  th e  in p u t c h a n n e ls  as  w e ll  a s  in  th e  o u tp u t c h a n n e l 
were e q u a l .  The s im u la t io n  was u n d e rtak en  a t  th re e  v a lu e s  of th e  
b lock  e r r o r  p r o b a b i l i ty :  10” ^ ,  3 .1 0 “ ^ and  10“^ .
In  o rd e r  t o  ensure e r g o d ic i ty  o f th e  p ro c e s s , th e  e f f e c t i v e  
in p u t r a t e  to  th e  node has to  be le s s  th a n  th e  o u tp u t .  A cco rd in g ly  
we chose a  nom inal t r a n s f e r  r a t e  in  the  o u tp u t  ohannel n+1 tim es  
la r g e r  th a n  th a t  i n  th e  in p u t ,  where n r e p r e s e n ts  th e  number o f  in p u t  
c h an n e ls . T h is ch o ice  makes i t  p o s s ib le  t o  g e t some in fo rm a tio n  on 
th e  d i s t r i b u t i o n  o f  th e  memory C ontents a s  a  fu n c tio n  o f the  in p u t  
to  o u tp u t t r a n s f e r  r a t e  r a t i o .  F ig .  4- shows th e  p r o b a b i l i ty  o f memory 
overflow  /Рщ / as a  fu n c tio n  o f  th e  ou tput t o  in p u t t r a n s f e r  r a t e  /X / ,  
where M=n has been choosen a s  th e  u n it  o f b u f f e r  c a p a c i ty .  As i t  i s  
g e n e ra lly  n e c e s sa ry  t o  avo id  l o s s  of in fo rm a tio n  in  th e  case o f  o v e r­
flow , some o r  a l l  d f  th e  in p u t channels  have to  be s i le n c e d  f o r  some 
tim e . ThiB means t h a t  th e  e f f i c i e n c y  of th e  system  i s  redu o ed , an d  
so a c o r r e la t io n  o f  th e  b u f f e r  memory s iz e  and  o v e r a l l  Systems e f f i ­
c iency  can  be d e r iv e d  from th e  r e s u l t s  o f  th e  s im u la t io n .  A nother 
i n t e r e s t i n g  r e s u l t  i s  shown on F ig .  5 , w hich  p re s e n ts  th e  d i s t r i b u t io n s  
o f b u f f e r  c o n te n ts  f o r  system s w ith  one an d  e ig h t  in p u t  c h a n n e ls . The 
q u a s ip e r io d ic a l  f e a tu r e  of th e  curve o b ta in e d  f o r  e ig h t  in p u t c h an n e ls  
i s  due t o  th e  r e l a t i o n  of th e  in p u t  and o u tp u t  in fo rm a tio n  q u a n t i t i e s .
The m ath em atica l d e s c r ip t io n  of th e  p ro cess  a l t e r i n g  th e  
b u f f e r  c o n te n ts  i s  g iv e n  in  th e  append ix . [5 ]
-  4  -
APPENDIX
MATHEMATICAL DESCRIPTION OP THE PROCESS IN THE BUFFER MEMORY
The s t a t e  d iagram  of th e  system  i s  shown in  F ig *  IA, where 
s t a t e s  a d e s ig n a te  th e  memory c o n te n t  in d ic a te d  in  t h e i r  indexes an d  
th e  p v a lu e s  d e s ig n a te  th e  co rre sp o n d in g  t r a n s i t i o n  p r o b a b i l i t i e s .  
D esig n a tin g  th e  p r o b a b i l i t i e s  o f  th e  s t a t e s  by  P , i t  h o ld s  th a t
Pi
n+1
k ik  p -kо
pi+k
f o r  i  = О
where <
-n in  case i  > n and




l p Pk k = l P-k  K 
n
I  Pkk=o
w i l l  ho ld
n+1
where J p t  * 1
k= -n
A s im p l i f ie d  model i s  shown in  P ig .  2A. Р ог t h i s  case i t  can be shown 
t h a t
p± -  ( l  -  rJr1 
. P+1where R = -----—  and R < 1
P-1
P o r a  P o is so n  b lo ck  e r r o r  d i s t r i b u t i o n  and a  f i r s t  o r d e r  Markov p ro c e s s  
d e s c r ib in g  th e  d e c is io n  feed b ack  system
P+1 = Pxi1 - PJ)
P-1  = py ( L -  px )
and
-  5 -
•where p x and py r e p re s e n t  th e  b lo c k  in p u t and  o u tp u t p r o b a b i l i t i e s ,  
re sp e c tiv e ly * . U sing t h i s  model and  c o r r e c t in g  in p u t  to  o u tp u t r a t e  by 
th e  f a c t o r  n/n+1 , th e  ap p ro x im a tio n  ten d s  t o  improve w ith  d e c re a s in g  
i  and n ,  s in ce  th e  number of n e g le c te d  s t a t e s  d e c re a se s  w ith  them* The 
c a lc u la te d  r e s u l t s  in  th e  i=0 p o in ts  and f o r  th e  d i s t r i b u t i o n  f o r  n = l 
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